In this paper, we introduce two notions of being "balanced" and being "hard." And we prove that these notions are necessary and sufficient conditions for global maps C -*-C and C ~ C of tessellation automata to be one to one, respectively, where C(C) denotes the set of all the (finite) configurations of tessellation automata.
Patt (1972) proved that if the global map defined from a local map of a one-dimensional tessellation automaton (TA) is one to one, then the local map is necessarily "balanced." We introduce a new notion of being "balanced" which is stronger than Patt's. Then we prove that a global map of TA with an arbitrary dimension has this property if and only if the global map -r: C-+ C is one to one, where C denotes the set of all the finite configurations for the TA. Next we define the notion of being "hard" that is stronger than that of being "balanced." And we prove a global map of TA with an arbitrary dimension has this property if and only if the global map ~-: C ~ C is one-to-one, where C denotes the set of all the configurations for the TA, including infinite configurations.
Let Z' = {0, 1,..., q --1}. X represents the set of states that can be assumed by each machine of TA. Let Z denote the set of all integers. In this paper, we are concerned exclusively with two-dimensional TA without loss of Conversely, assume 7: C -+ C is not one to one. Then there are mutually erasable patterns (Moore, 1962) . Thus, since there is a Garden of Eden configuration by Moore's theorem, ~ is not balanced.
Q.E.D.
If ~-is not balanced, 7: C --7 C is not one to one by Theorem 1. Therefore, by Moore's theorem, there is a Garden of Eden configuration. That is, for some h there exists a pattern P0 of size k x h such that {p e ~ I "~(P) = Po} = ~.
Thus, we have the following theorem. Q.E.D.
Since ~-: C--~C is one to one implies that 7: C--~C is one to one (Richardson, 1972) , the next theorem follows.
THEOREM 4. If "r is hard, then -r is balanced.
In view of Theorem 4, we obtain Definition 2', which is equivalent to Definition 2. DEFINITION 2'. ~ is hard if and only if there exists an integer m > 0 such that for any k > 2m and for any pattern P0 of size h × k, the center of the patterns in {p ~ ~ ] ~-(p) = P0} with depth m is unique.
A configuration p is L.G.O.E. (Local Garden of Eden) if p is a pattern of size k × k such that p 6 (~) (Aggarwal, 1973) . The next diagram shows the relation between the results obtained in this paper and those obtained by Richardson (1972) , Moore (1962) , and Myhill (1963) 
